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ABSTRACT

From the very inception of the Preliminary
Design phase of the U.S. Navy’s new am-
phibious assault ship, which at the time was
designated only as the LX, there has been an
emphasis on generating a design which is pro-
ducible; one that requires a minimum of redes-
ign by the building yard and which can be
built efficiently using modern ship construc-
tion techniques. This emphasis resulted in
establishment of a Producibility Task Manager
as a member of the LX Preliminary Design
Team and in the creation of a Product-Oriented
Design And Construction (PODAC) Working
Group. The functions of this Group were to
mimic a shipyard production planning effort
and to interact with the Design Team on a
regular basis. This paper describes the results
of their efforts, including the development of a
Generic Build Strategy (GBS) and numerous
Design for Producibility improvements during
the LX Preliminary Design Phase.

NOMENCLATURE

The nomenclature used throughout this paper
complies with that in use in most of the Na-

documentation and with that used in Refer-
ence 1. No attempt is made herein to describe
elements of the Zone-Oriented construction
processes or procurement processes used in
current day shipbuilding, since these matters
are thoroughly covered in numerous other
NSRP documents.

BACKGROUND

Use of a GBS has been proposed as a means to
incorporate ship production considerations
into the early stages of naval ship acquisition
with the objective of reducing ship acquisition
cost. Any world class organization developing
and acquiring a new item requires the concur-
rent development of the product design and
the process by which the product is fabricated
and/or assembled. During the feasibility
study, preliminary design and contract design
phases of ship design, namely the early stages
of ship acquisition, there are not only systems
engineering benefits of having a GBS, but
there are also potential benefits to program
management efforts.

The Navy’s early stage ship design manage-
ment, recognizing that changes in the design
process were necessary in order to respond to
the changed ship construction methods used in
the nation’s shipbuilding yards, assigned a
Producibility Task Manager to the team that
was assembled to develop the Preliminary
Design (PD) of the LX. His responsibilities
included overseeing and driving design for
production efforts as a part of general acquisi-
tion cost reduction efforts. Since an inherent
part of designing a ship to be most producible

4 Wi . isto have a reasonably good idea of how it
tional Shipbuilding Research Program (NSRP)

will be built, one of the major tasks of the
Producibility Task Manager was to develop a
GBS. That is, in addition to emphasizing the
need to design the ship to be more producible,
it was necessary to provide the designers with
a general idea of how the ship would likely be
built. This build strategy would necessarily be



generic, in that it could n
unique capabilities of any
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construction contract. Nevertheless, this ge-
neric build strategy was expected to reflect the
actual current capabilities of U.S. shipyards in
order to effectively evaluate the impact of de-
sign decisions on ship production and to lev-
erage the design efforts towards a more pro-
ducible and cheaper acquisition cost. This
effort was the first application of the concept

of development and use of a GBS fora U. S.
Navy in-house early stage ship design.

PODAC WORKING GROUP

- -y

The LX Preliminary Design effort was initiated
in the second quarter of FY '93 at a Navy collo-
cated design site. This phase of the design was
divided into five design iterations, with the last

iteration of the design to be completed during
the firct qnnrfpr of FY 'OA nnnnc PD non chin-
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builders were under contract to support devel-
opment of a GBS, so, under the leadership of
the Producibility Task Manager, a simulated
ship production department was assembled
using experienced non-shipyard-affiliated ship
production experts. This “surrogate shipyard”,
more fnrmal]v called the Product-Oriented
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Des1gn And Constructxon (PODAC) Working
Uruup, was established in June 1993 to mimic a
shipyard planning effort, and to interact with
the LX ship designers and engineers during PD.
This group was comprised of members who
had firsthand knowledge of the amphibious

designers, especlally during the early stage
dcaxsu, are typ yu.«au ]' isolated from p yl.uuut.uUIl
facilities, working either at a design agent's
office or a Navy collocated design site, under
short deadlines and to stringent operational
requirements. The PODAC Working Group
was tasked to enhance the design team's ca-
pabilities by "thinking" for the design team as

a chrnyarﬂ would think if the an:gn were be-

ing done at the shipyard.

a more production-friendly design. Navy ship

From the inception of the early design stage
effort it was intended that shipbuilders be
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given the opportumty to part1c1pate in evalua-
tions of the Contract D ucugu (CD) of the bmp,
through the use of on-site representatives and
funded support for design evaluations, specifi-
cation reading sessions and studies of detailed
aspects of the design as it proceeded. It was
intended from inception of the design that the

GBS developed by the PODAC Workmg
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builders for their critical analysis, suggested

* changes and identification of any specific as-

ship construction process and who possessed an :

understanding of modern (advanced) ship con-
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One function of the PODAC Working Group
was to interface with the ship design team
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productlon concepts ea.rly within thc various

design disciplines, to guide the achievement of
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pects of that strategy which would degrade
their ability to compete equally for the ship-
building contract and build the ship for mini-
mum cost.

It has never been the Navy’s intention to im-
pose the build strategy upon the shipbuilder.

One of the primary purposes of the involve-
ment of the shipbuilders during the CD proc-
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ess was to 1dent1fy aspects of the desxgn, that
would n negatively unpau the competitive as-
pects of building it. The primary purpose of
the GBS was to help ensure that the design
generated through CD would be capable of
being built efficiently without major redesign
efforts by the successful shipbuilding contrac-

tor.

The PODAC Working Group accomplished
three primary functions during the Preliminary
Design phase. They developed a Generic

Ruild thtpo-y which was used as a guide i
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FIGURE 1 - LX INBOARD PROFILE

evaluating and revising the location and con-
figuration of spaces in the General Arrange-
ment Plan and in the structural design of the
ship. They provided Design for Producibility
guidance to the system designers in develop-
ing system details and arrangements that
would enhance the producibility of the sys-
tems without negative impacts on maintain-
ability or operability of the systems. In addi-
tion, the team provided some cost estimates
based on work content instead of weight, as
guidance to NAVSEA cost estimators in as-
sessing the results of design modifications.
The approach to each of these three efforts and
the major results are analyzed in the foliowing
sections.

DESCRIPTION OF THE SHIP

The LX (since designated the LPD-17) is the
U.S. Navy's next generation Amphibious
Transport Dock ship with a primary mission to
embark, transport and debark marine landing
forces in assault by helicopters, LCACs, and
assault amphibious vehicles. It is intended to
be a functional amphibious lift replacement for
41 ships of the LKA 113, LPD 4, LSD 36 and
LST 1179 Classes. In early PD it was
established that the design was to be hybrid
metric.

Figure 1 shows the PD inboard profile of the
LX. Frames are numbered from the bow aft,
based on the number of meters from the for-
ward perpendicular. Thus Frame 100 is amid-
ships. At the end of PD, the LBP and LOA of
the ship were 200m and 208.4m, respectfully,
with a beam of 31.9m.

GENERIC BUILD STRATEGY DEVEL-
OPMENT

General

The major part of the PODAC Working
Group’s efforts were directed toward the
identification of design features that would
enhance the ability of any prospective ship-
builder to build the ship in a logical fashion
using modern Zone-Oriented construction
techniques. Since significant savings can be
realized during Detail Design if a shipyard re-
ceives a Contract Design arrangement that
recognizes where construction joints will be

. located and ensures that minimum interfer-
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ences with those welding paths are created, a
Generic Build Strategy was developed by the
PODAC Working Group. This strategy was
considered generic in that it was intended to
result in a design that would be capable of
being built efficiently by any of the potential




builders without major changes in their pro-
duction facilities.

The first step taken in the development of a
build strategy for the LX was to identify the
major zones which would likely control the
construction process. The inputs to this proc-
ess were the first draft of the General Ar-
rangement and Midship Section drawings.
The General Arrangement Drawing included
the Inboard Profile shown in Figure 1, an Out-
board Profile and plan views of each deck.

These documents were used to identify the
major zones of the ship and then, with a set of
block break criteria established by the team, to
identify the block breaks. A block numbering
sequence was developed that related each
block to alocation in the ship. With the block
breaks identified, a notional block erection
sequence was identified. By putting atime
scale on that sequence and utilizing historical
time frames between block erections, an erec-
tion schedule was developed. A list of major
equipment was developed. The block into
which each piece of major equipment was to
be located was determined. By correlating the
lead time for the various elements of the
equipment procurement process with the block
erection schedule, it was possible to develop
an equipment installation schedule and a first
cut at a the dates by which major equipment
would have to be ordered. Thisinformation
could be used to identify what long lead
equipment, if any, would have to be ordered
before the shipbuilding contract is awarded in
order to minimize the time of the shipbuilding
process. A more detailed description of each
of these elements of the Generic Build Strat-
egy follows:

Zone ldentification

In commercial ships the machinery space is
normally a single space located aft, the ac-
commodations (for the small number of crew

members) are all located above the main deck
in a separate deckhouse and the rest of the
ship is configured for the type of cargo that the
ship isto carry. It is common practice to
identify each of these portions of the ship asa
separate zone; namely the Machinery Zone,
Accommodations Zone and Deck Zone. Each
of these three major zonal volumes of the ship
entails significantly different functions, com-
plexity of construction and material ordering
requirements, as a result of different design
requirements. Therefore, it is customary to
treat each of them as a separate zone, and to
assign to each, separate design teams who are
familiar with the peculiarities of construction
of that zone.

The entire ship is considered as a fourth zone,
since certain work can be done most effi-
ciently onboard the ship before or after it is
being erected. Where the work in a particular
area of the ship is more complex than that in
another area of the ship, that particular part of
the ship may be treated as a separate zone or
subzone.

In military ships, where, largely for surviv-
ability reasons, there normally are multiple
machinery spaces, and where accommodations
(for much larger crews) are spread throughout
the ship, the identification of the basic three
types of zones is not as straightforward.

Zones can be identified, but several functions
may exist within each zone. In the case of the
L X, with the configuration shown in Figure 1
as a given, the PODAC team identified the
following zones.

Machinery Zone. The machinery spaces
contain many large, heavy pieces of equipment
arranged in relatively dense configurations,
involving major distributive system interfaces.
On the LX, the Machinery Zone was taken to
be the volume extending from Frame 62.5 to
142.5 longitudinally and from the keel to the
01 Level vertically. This volume includes the



two Main Machinery Rooms and the two ad-
joining Auxiliary Machinery Rooms.

Deckhouse (Accommodations) Zone. Al
vol ume above the 01 Level was treated as a
single zone. Although there are few accom
modations in this volume, it was treated as a.
separate zone, primarily for convenience
since it is above the strength deck. For this
ship; this zone is not significantly different in
most production considerations than the rest
of the ship outside the Machinery Zone.

Hul | Zone. Although the rest of the ship be-
low the 01 Level would therefore be consid-
ered the Hull Zone, on the LX, because the
Machinery Zone separates the forward portion
of the ship fromthe stem the after portion of
the ship was treated as a separate zone. The
forward portion of the ship was treated as two
separate zones because the work in the bow
area, forward of the bulkhead at Frame 17.5, is
significantly more difficult to construct than
the vol ume between Frames 17.5 and 62.5

SubZones. Each of the zones on the ship was
further subdivided into subzones, based pri-
marily upon the location of transverse bul k-
heads, recognizing that these bul kheads woul d
be used ultimately to establish the houndaries
of hull construction blocks and this subdivi-
sion would be used in the block numbering
sequence

Zone Nunbering. The zone from the bow to
Frame 17.5 (a Hull Zone) was identified as
Zone 1000. Two subzones were identified as
1100 and 1200; the division being at Frame
10.

The vol une between Frames 17.5 and 62.5
fromthe keel to the 01 Level, was identified
as Zone 2000, with Subzones 2100,2200 and
2300 separated by Frames 32.5 and 47.5. Al-
though Zone 2000 includes a generator space
the configuration of this portion of the ship is
sufficiently different than that of the volume
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forward of it and of the portion aft, that it was
treated as a separate zone

The Machinery Zone was designated Zone

3000, with Subzones 3100, 3200, 3300, 3400

and 3500 separated by the transverse bul k-
heads at Frames 80,95, 110, and 127.5.

Zone 4000 extends fromjust aft of the
bulkhead at Frame 142.5 to the stem and
includes cargo carrying and ine handling areas
It is separated into Subzones 4100,4200, 4300
and 4400 by transverse bul kheads at Franes
157.5,172.5 and 187.5.

Zone 6000 is conprised of the volume above
the 01 Deck. In an earlier version of the ship's
topsi de conjuration there was a Zone 5000
An arbitrary decision was made to |eave the
6000 zone designator unchanged when Zone
5000 was elim nated

Block Identification Considerations

Because modem shi pbui |l ding techniques in-
vol ve construction and outifittting of the ship in
maj or three-di mensional assenblies conven-
tionally called blocks, one of the nost essen-
tial elements of a build strategy is the identifi-
cation of the boundaries of each of those
blocks. All elements of the entire construc-
tion, outfitting and ship erection sequencing
(the primary elements of a build strategy) are
bui It around the definition of the blocks. For a
ship design to be a producible design, the ar-
rangenent of spaces and |ocations of equip-
ment nust take into account the block break
| ocat i ons

This is also the area where individual ship-

yards, with different facilities or different
construction philosophies, my have signifi-

cant differences in approach. The ahbility to
create a generic build strategy that does not
penal i ze specific shipyards is dependent upon
selecting locations for block breaks that are



logical and based upon actual current ship-
building practices and shipyard capabilities.

The PODAC Working Group recognized the
following elements as affecting the deftinition
of block break locations and block sizes:

. To provide the structural stiffness required
for transporting and lifting blocks, it is normal
for one end or side of ablock to be located
close to, but not at the location of a transverse
or longitudinal bulkhead or deck. To facilitate
the welding of this end or side to the adjoining
block during erection, the erection joint islo-
cated roughly 300 mm (6 -12 inches) horn the
bulkhead or deck and the stiffeners are located
on the opposite side of the bulkhead or deck
from the erection joint.

Normally, one end or side of ablock is"hard,"
meaning that the stiffeners are welded to the
plate al the way to the extreme end of the
block while the other end or side is "soft" with
the stiffeners remaining unwelded for the last
half meter (say 18 inches). This allows the
stiffeners of the "soft" end to be aligned to
those of the adjoining block more readily dur-
ing erection. The "hard" side normally is the
side near the bulkhead or deck of course.

. To facilitate as much installation of under-
deck items such as pipe hangers, piping, €lec-
trical wireways, ventilation ducting, etc. as
possible prior to erection, the block breaks are
normally made roughly 200 mm (3 -6 inches)
above a deck. The completed assembly can
then be turned right-side-up and landed in place
on top of another block.

Given the above considerations, in defining
block boundariesit is necessary to consider

. Location of major longitudinal bulkheads
and other major structures.

. Transverse bulkhead spacing.

. Length and width of plates available from
steel manufacturers.

7-6

e Maximum weight and size of outfitted
blocks which can be handled and transported
inayard.

. Amount of pre-outfitting to be accom-
plished in the block before erection.

« An effective method of erecting the blocks.

Block Break Criteria

The following criteria were established by the
PODAC Working Group as standards, to be
atered only when some particular characteristic
of the structure or arrangement could be shown
to override the producibility aspects of the
construction sequence:

. All block breaks would be above the deck
and aft of a transverse bulkhead.

. All stiffeners on transverse bulkheads
would be located on the forward side of the
transverse bulkhead, wherever practicable.

. Blocks would extend from each major
transverse bulkhead to the next.

. Block widths would not exceed 10 meters.

« Block heights would be one deck high, ex-
cept along the sides of the ship and in the bow,
where space arrangements permit multiple
deck high blocks.

Block Break Definition

optimization Of plate width or plate length
was not actively considered in the develop-
ment of the block break plan. Instead, the
Group was confined to finding a logica block
break scheme within the constraints of the de-
sign that had been developed to meet the op-
erationa requirements.



For thisinitial effort the most immediate
concern was the distance between major sub-
division bulkheads. Except for the Main
Machinery Rooms (MMRs) this distance is 15
meters (approximately 49 feet); very near the
maximum plate length traditionally available
from steel manufacture without special
orders. The MMR bulkhead spacing may
require piecing of plate lengths, but this was
accepted for the PD, awaiting further comment

from shipbuilders during their CD participation.

The mgjor subdivision locations were
established prior to and independent of the
block break scheme outlined here, having been
selected during the feasibility design stage.

Throughout PD no significant shell straking
effort was undertaken, with the exception of
locating the crack arrestor plating.

Block Width Bottom Shell and Inner Bot-
tom. In the block break plan, the double bot-
tom of the ship is generally broken trans-
versely just inboard of each wing wall and 1.5
meters outboard of the CVK to accommodate
the standard 3 meter plate width flat keel. At
its widest point the distance between wing
wallsis 19 meters. Therefore, one inner bot-
tom block is approximately 8 metersin width,
while the other is 11 meters. These can be
fabricated from combinations of plates of 2
meter width and 3 meter width.

Block Width: Interior Decks. For the decks
above the inner bottom, each hull block
includes the half width deck inside the wing
walls and the bulkhead(s), stanchions and
associated structure beneath the deck. The
straking scheme and widths selected for plates
are as described above.

Side Block Dimensions. The Well Deck and
Vehicle Stowage Decks extend through two
thirds of the ship length. As described later in
the paper in the section on parallel shaping of
the hull, the shape of the shell for virtually the
entire length of the ship represents parallel
sections of flat plate with identical cross sec-

tion. For much of this length the wing walls
of the well deck and vehicle stowage decks are
straight. Consequently, the block breaks along
this entire length of hull are just inboard of the
wingwall and just aft of the transverse bulk-
heads. Inmost of this length of hull, the
blocks were selected to be two decks high,
partly because tank structure and tank dimens-
ions dictated the selection of block breaksin
the lower portions of the area and partialy
because of the customary construction prac-
ticesin U.S. shipyards.

Block Numbering Scheme

Although a block numbering system is a
relatively trivial concern, in that almost any
consistent numbering system will meet the
needs of the shipyard and certainly has no effect
on the early stage design development the
PODAC Working Group developed a four-digit
numbering scheme for the blocks.

The first digit identifies the zone in which the
block islocated. (i.e. 2xxx for Zone 2000)

The second digit identifies the subzone in
which the block is located. (i.e. 21xx for the
first subzone in Zone 2000)

The third digit identifies the deck level of the
topmost deck in the block. The Inner Bottom
was identified as deck level 1, the 2nd Plat-
form aslevel 2, the 1st Platform aslevel 3,
2nd Deck as level 4, and so on. For blocks
which are more than one deck high, the high-
est deck level was used for numbering the
block.

The fourth digit identifies the transverse loca-
tion of the block with 1 being the inboard
starboard block, 2 being the inboard port
block, 3 being the outboard starboard block
(since there were never more than two blocks
on either side of centerling) and 4 being the
outboard port block.



Block Break Drawing

After identifying the block breaks by marking
up the general arrangement drawings, an iso-
metric drawing was prepared to provide a
visual description of the results of the effort.
The LX product model sub-division model
was used as the basis for devel opment of the
block break plan. Using the criteria described
previously, the LX was divided into 186
blocks; 7 in Zone 1000,33 in Zone 2000,95
in Zone 3000, 38 in Zone 4000 and 13 in Zone
6000.

BLOCK ERECTION PLANNING

Having the blocks defined and numbered, the
next step in the development of a building
strategy is to produce the schedule by which
the blocks will be erected at the building site.
This effort is not critical for the devel opment
of aPD, but was felt to be of use for assessing
where Navy resources might best be expended
in additional design development.

Block Erection Sequence

When developing the block erection schedule,
the PODAC Working Group found it helpful
to develop a notional block erection sequence.
The technique used by the PODAC Working
Group is described below, but is recognized as
only one possible way to achieve the same
objective.

A table, similar to that shown in Table I, was
prepared. Each column represents one sub-
zone of the ship. The subzone numbers were
listed at the top of each column. In each col-
umn, al of the block numbersin that zone

were listed from top to bottom in the order in
which they would be erected.

On a separate sheet, using the same genera
format, the sequence of joining each of the
blocks was laid out. The numbers of the first
blocks to be erected were placed in the top-
most horizontal line, located directly below
the subzone of which the blocks were a part.
The numbers of the next blocks to be erected
were placed in the next horizonta line, di-
rectly below their own subzone numbers. This
process was continued working down the
page in the order in which each set of blocks
would be joined to the blocks in the preceding
horizontal row. Table |1 illustrates the form of
the table that was generated. A spacing of two
lines was placed between sequential blocks in
subzone 3300, from which the erection proc-
ess initiated so that the fore and aft sequenc-
ing of block erection would not be obscured.

Block Erection Schedule

The final step in the process of developing the
block erection schedule is to evaluate the
number of weeks required between each of the
blocks in one horizontal line and the blocks in
the next lower horizontal line, thus converting
the vertical dimension on the page to atime
scale. The scale can be measured in terms of
weeks after erection of the first block or weeks
before erection of the last block or both.

Since the overall time between erection of the
first and last blocks is but one part of the total
detailed design and construction period of a
ship, estimates also must be made of the time
span between Contract Award and the erection
date of the first block and of the span from
erection of the last block to delivery of the
ship. The sum of these three values is the total
ship construction duration that must be al-
lowed for in a prospective ship owner’s



LX SUBZONE NOTIONAL BLOCK ERECTION SEQUENCE CHART
P, |
/6300 5100\
3400 /6303 1 6203 | 6103\
[3593] 3493 | 3393 [ 3193 | 2393 | 2393
/ \

4363 | 4263 | 4163 3573 | 3473 | 3373 | 3273 | 3173 _53-7;3- -52-75 ] _2-171 1261 nso/
/

4343 | 4243 | 4143 | 3553 | 3453 | 3353 | 3253 | 3153 0343 | 2241 | 2141 mmm7

U4421] 4321 | 4221 | 4123 | 3523 | 3433 | 3333 | 3233 | 3133 [53171 | 2221 | o1py | 44 2’—0)

‘|-4300{ 42004 4100| 3500 | 34003300 | 3200 |:3100-] 2300 | 22007/ 2100.]. 1206 1100.

4321 | 4221 | 4123 | 3501 | 3401 | 3301 | 3201 | 3101 | 2301 | 2201 | 2120 | 1251 | 1120

4322 | 4222 | 4124 | 3502 | 3402 | 3302 | 3202 | 3102 | 2302 | 2202 | 2141 | 1252 | 1150

PV L]

1 112N
1] 110V

4343 14243 | 4121 13
4344 14244 1412213

4263 | 4143 | 3521 | 3421 | 3321 | 3221 | 3121 | 2343 | 2241 | 2172

4364 | 4264 | 4144 | 3522 | 3422 | 3322 | 3222 | 3122 | 2344 | 2242

4361 | 4261 | 4163 | 3553 | 3453 | 3353 | 3253 | 3153 | 2321 | 2273

4362 | 4262 | 4164 | 3554 | 3454 | 3354 | 3254 | 3154 | 2322 | 2274

3594 | 3493 | 3393 3193 | 2391 | 6101
3591 | 3494 | 3394 3194 | 2392 | 6102
3592 | 3491 { 3391 3191 | 6203 | 6100
3492 | 3392 3192 | 6204
Table I
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planning. It is then possible to convert the
time scale on the block erection schedule to
weeks before delivery or to weeks after con-
tract award. Both of these sets of values are
useful in acquisition planning.

LONG LEAD EQUIPMENT SCHEDULE
IMPACTS

Procurement of Long Lead Time (LLT) mater-
ia isasgignificant part of the preconstruction
effort in shipbuilding contracts. For the pur-
pose of this study, equipment having manufac-
uring lead times of 12 months or more were
considered LLT items.

The Navy's historical material data base
maintained by NAVSEA Shipbuilding Sup-
port Office (NAVSHIPSO) was used to de-
velop alist of the major equipment on the ship
and, from that, to identify the LLT items. For
planning purposes, worst case lead times
based on historical data from recent amphibi-
ous assault ship construction programs, such
asthe LSD 44, were used.

The first step in developing the LLT schedule
was to identify the block into which each item
will be located. In cases where identical
pieces of equipment are located in several
blocks, each of those blocks must be included
in order to determine which of them reguires
the earliest in-yard receipt. For each LLT
item, an estimate was made of the time dura-
tion before or after block erection that the item
must be ready, based on experience with past
shipbuilding programs.

Estimates for durations of each of the follow-
ing activities in the procurement cycle were
made (further explanation of these activities is
found in Reference 2):

| Preparation of Requests for Quotation (by
the shipyard),

. Preparation of offers (by vendors),

. Evaluation of offers, approval and negotia-
tion (resulting in purchase order issue),

. Manufacturing lead time (including ship-

ping),
| Shipyard receipt inspection

| Preparation for installation.

When the sum of these durations is subtracted
from the block erection date (measured in
months after contract award), a positive resul-
tant means that the procurement process can
begin after contract award. When the answer
IS negative, however, it means that the pro-
curement process for the equipment must be
initiated by the ship owner before the ship-
building contract has been awarded. There are
several options available to a ship owner to
accomplish the procurement of such equip-
ment, but it is important that this information
be known as soon as possible so that the ac-
quisition strategy can reflect this need.

The overall detailed design and construction
schedule selected for the LX by the program
office was such that no LLT material and no
advanced procurement contract was required.

USE OF THE LX GBS

One of the results of the LX PODAC Working
Group effort is an intemal NAV SEA docu-
ment reporting on the results of the study and
describing the methods used in devel oping the
LX Generic Build Strategy. This document,
after being updated during the Contract De-
sign period as aresult of evaluation by the
shipbuilders, will serve as guidance to future
NAVSEA ship design efforts in development
of aGBSfor their programs. However, there
were direct benefits to the LX Design Team as
well.
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General Arrangements - Severa changes
were made to the General Arrangement of the

LX in response to the location of block breaks.

. Transverse passageways were moved to the
after side of transverse bulkheads, to thus
minmize the number of longitudinal bulk-
heads that would exist in the way of a block
erection joint.

« 1O locks, escape trunks, etc. were relocated

to the forward side of transverse bulkheads, to
remove these complex structures from being
directly in the way of erection breaks. This
aso allows them to be completed during the
block construction period rather than having to
be constructed on board after the block erec-
tion, thereby saving both time and labor-hours
in addition to improving quality.

Structures - Numerous recommendations
were made to the structural design as a result
of considering the location of block breaks
and erection joints.

« Stiffener Location - Stiffeners on transverse
bulkheads were placed on the forward side of
the bulkheads to achieve compatibility with
anticipated block breaks aft of the bulkheads.
Later, as the Preliminary Design structural
details became available, the block break at
Frame 32.5 was shifted to a location forward
of the frame. This was necessary in order to
alow the stiffeners to be located on the after
side of the bulkhead in line with the stiffeners
in the superstructure, the forward bulkhead of
which is located at Frame 32.5, as can be seen
in Figure 1. Thisled to a decision to locate
the erection joint at Frame 17.5 to the forward
side of the bulkhead, aso, in order to have that
bulkhead part of each block in Subzone 1200.

. Bilge Radius Joint- In the original mid-
ship section drawing, the longitudina butt
weld for the crack arrestor strake at the bilge
radius joint was located outboard of the longi-
tudinal bulkhead that is in line with the wing-
wall throughout the length of the ship. Since

the erection joint for all of the blocks along
the wingwall will be inboard of the longitudi-
nal bulkhead the weld location was changed
to align with the block break, thus eliminating
an extraweld aong virtually the entire length
of the ship on both sides of the ship.

DESIGN FOR PRODUCIBILITY

Even before the PODAC Working Group was
created, the LX Design Team had established
Producibility as a major design goal and, as
stated earlier, had assigned a Producibility
Task Manager. His responsibility included
review of all elements of the design, to iden-
tify areas where design changes could reduce
cost without changing the functionality of the
design - functionality being understood to in-
clude maintainability and reliability as well as
operationa functionality. Some of the design
changes that were made while not apart of the
GBS effort per se, were done keeping the ship
construction process in mind.

Hull Form Simplification Efforts

The hull form used at the beginning of PD was
a conventiona hull that had been developed
based upon the LSD 41 class and on hull form
energy efficiency work done during the AE-36
preliminary design. The intention was to de-
velop a producible hull form based on this
design. The hull form design team with input
from the PODAC Working Group and from
past hull form producibility efforts, proceeded
to eliminate or ssimplify the curvatures in the
hull. The areas of the shell above the water-
line received the primary attention, but some
changes were made to the underwater struc-
ture as well. The following changes were in
troduced:
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Straight Frames. Curvature was eliminated
to the maximum extent in frames forward of
Frame 95. Only afew sections at the very
forward portion of the bow are curved above
the waterline. Similarly, a significant effort
was made to obtain straight frame sections
forward of Frame 95 in the region above the 9
meter waterline.

Bulbous Bow. The LX hull form features a
bulbous bow which, though optimized hydro-
dynamically, incorporates some characteristics
believed to be beneficial from a producibility
standpoint. A knuckle isformed at the bulb-to-
hull intersection in order to avoid the tight and
complex curvatures associated with afillet.
Furthermore, the bulb contains sections which
are, for the most part constant born Frames O-
5.

Sheer and Camber. The decks have no sheer
aft of Frame 25, where the forward section of
superstructure intersects the 01 Level. For-
ward of Frame 25, the sheer isa straight line
in the profile view. With the sheer providing
ample allowance for water to flow off the
deck, there is no need for camber. Thus there
IS no camber on any of the decks.

Flat of Bottom. The LX hull form incorpo-
rates awell defined flat of bottom region ex-
tending approximately from Frame 10 to
Frame 125. Aft of this, a cylindrical (and
therefore devel opable) "bottom plate” forms
the transition into the flat half-siding.

Parallel Midbody. Parallel midbody has

been provided in the amidships area, between
Frames 95 and 110. Although thisisonly a
single watertight subdivision, the parallel sec-
tion extends beyond each of the two transverse
bulkheads involved to alow for simple con-
struction.

Skeg. The centerline skeg on the LX hull form
consists of single curvature plate. It abuts the
hull, forming a knuckle at the skeg/hull inter-
section.

Parallel Hull Shape. The shape of the LX
hull above the third deck isidentical in cross
section from Frame 95 &ft i.e., for more than
haf the length of the ship. Moreover, that
shape is composed of al fiat plate sections,
with a horizontal knuckle that is located above
the second deck, at the anticipated location of
ablock break. Similarly the shape of the side
shell between the 1st Platform and the Third
Deck consists of flat panels of identical cross
section for about 1/3 of the length of the ship.

Ruled Surfaces. Ruled surfaces were used in
the region aft of Frame 110 below the main
knuckle and above the design waterline.

Deck Edge. In profile, the LX hull form fea-
tures a horizontal deck sheerline from the
transom to Frame 25 at which point thereisa
knuckle in the deck sheerline and then straight
sheer to the stem. In plan, the deck edge is
straight and paralléel to the centerline from
Frame 47.5 to the stem. From Frame 47.5
forward to Frame 25, it is straight, then fairs
into the stem in a convex curve.

Flat Plate. The entire region above the main
knuckle consists of flat plate as does the raked
transom.

Crack Arrestor. Consideration of the loca
tion of the crack arrestor joint raised the ques-
tion of whether crack arrestors are needed on
modem ships given the fact that the composi-
tion of steels used for ship construction has
been changed greatly since the W.W. 11 era.
As aresult of this question, a study has been
initiated to evaluate the requirements for crack
arrestors in modem warships. If the need for
crack arrestors is validated, the study will be-
gin to look for more production friendly ma-
terials that might be used for this function in
the future.

The improvements described above were
made with the expectation that production.
man-hours for hull construction will be sig-
nificantly reduced and that there will be addi-
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ional labor and material savings through the
decreased extent and complexity of jigs and
fixtures required for forming and joining the
hull and superstructure. An estimate of the
anticipated cost savings was made, using the
techniques described in References3and 4. A
reduction of 10-15% of the man-hours used to
construct the shell plating of the hull was pre-
dicted.

System Simplification

One major simplification effort made during
the Preliminary Design stage was to use zonal
distribution systems for the electric power and
lighting systems.

In warships design, electrica equipment is
designated as either vital or non-vital. Vita
equipment must be capable of being powered
from one of two independent sources or
switchboards. Non-vital equipment need only
be powered from one source.

In theinitial phases of PD, there were two
main switchboards, one located in the forward
part of the ship and the other located aft. The
distribution systems for non-vital systems
were run from the equipment to only one of
those main switchboards. Vital system
equipment was connected to both switch-
boards. This approach has been designated a
radia distribution system because all distribu-
tion runs radiate out from the main switch-
boards.

The zona approach uses two main distribution
buses running the entire length of the ship,
both of which are connected directly to the
main switchboards through load centers lo-
cated in the buses. The ship is segregated into
several zones, in each of which there is one
load center in each bus. All equipment lo-
cated in a zone is connected to one (non-vita
systems) or both (vital systems) of the load

centers in the zone. The net result is signifi-
cantly less length of electric cabling, simpler
and shorter wireways, and many fewer pene-
trations of decks and structural members.

The studies have shown that the zona ap-
proach results in a significant material and
consequently, aweight savings. However, the
labor reduction is not proportiona to the
weight reduction since there is no change in
the number of equipment hookups that must
be made. That effort represents a major por-
tion of the total electrical system installation
cost.

Standardization

The LX design accommodates severa stan-
dardization philosophies, including those that
have been developed by the Affordability
Through Commonality (ATC) team at

NAV SEA. These include the following:

. Modular Sanitary Spaces. A separate effort
has been undertaken by the ATC team to de-
velop standardized, pre-outfitted, modular
crew, CPO/NCO or officer sanitary space
which will replace traditional sanitary spaces
at designated locations within the LX.

. Hatches, Scuttles, and Doors. Mgjor open-
ingswill be of standard size and closures of
standardized construction. Location of major
openings also consider facilitation of equip-
ment removal and installation.

. Standardized Space Arrangements. Repli-
cation of space arrangements was pursued
within similar spaces such as the AFFF,
CONFLAG, troop living, crew living, and fan
rooms. Wherever possible, these spaces are
identical in configuration, rather than the more
traditional practice of having spaces on op:
posite sides of the ship be mirror images of

one another. In addition to the reduction in
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design and construction man-hours, this pro-
vides for standard operating procedures for
each such compartment

. Stiffener Standardization. LX structural
engineers made an analysis of the number of
different stiffener sizes that were originally
proposed in the structura drawings. They
then reduced the number of different sizes by
about 1/2, while remaining within the design
constraints. Also, smpler stiffener shapes
were used as aternatives to built-up members.

Machinery Space Arrangements

Throughout the PD phase, the PODAC
Working Group reviewed and provided com-
ments on machinery space arrangements to the
cognizant Task Leader. The comments pri-
marily related to the grouping of system com-
ponents to facilitate a shipyard’sease in as-
sembling machinery package units for instal-
lation as a unit on block or on board. Re-
arrangements were recommended for the pur-
pose of locating equipment close to other re-
lated equipment, thus minimizing piping runs
and conserving space.

CONTRACT DESIGN EFFORTS

Shipbuilder Involvement

During the Contract Design Phase, which be-
gan in FY '94, five shipbuilders were selected
to participate by sending full time representa-
tives to be collocated at the design site with
the Navy Design Team. These representatives
participated in weekly staff meetings of the
design team and the separate weekly meetings
of the Hull, Machinery and System Engineers

with their several Task Leaders. The ship-
yards have been funded to carry out about
twenty different studies during the CD period
to date. They participated in reading sessions
and provided comments on the each draft of
the Ship Specifications.

CONCLUSIONS AND RECOMMENDA-
TIONS

The efforts of the Working Group were very
well accepted by the members of the design
team. The design of the LX at the end of the
Preliminary Design period was a much more
producible ship than it would have been with-
out the establishment of the PODAC Working
Group and the acceptance of their presence
during the design period. All of the Task

L eaders were very responsive to the recom-
mendations of the Group and frequently initi-
ated contact in order to obtain an opinion con-
cerning the relative producibility of design
alternatives that were being considered.

There was sincere interest by the design team
in assuring the affordability of the design and
numerous producibility improvements were
generated by design team members independ-
ently of the Group. Credit for this must be
given to the NAVSEA Ship Design Manage-
ment from the top level to the LX Ship Design
Manager, al of whom gave serious emphasis
to this aspect of the design effort.

It is strongly recommended that a Producibil-
ity Task Manager be assigned in every
NAVSEA design project. However, this as-
signment should not wait until the PD phase.
Onthe LX project, the spacing of the trans-
verse bulkheads was determined during the
Feasibility Design phase and was essentialy a
given at the inception of PD. There had been
no consideration to producibility aspects, such
asthe available steel plate lengths, when es-
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tablishing the bulkhead spacing. This aspect
of the design might have been overridden by
other design requirements, but it would not
have been overlooked if a Producibility Task
Manager had been assigned during the feasi-
bility study.

while the products required of this effort
could have been comfortably accomplished
with the traditional pen and paper approach,
the PODAC Working Group decided to use
the digital data being developed by the indi-
vidual design disciplines to the greatest extent
practicable. This was intended to keep the
products of the Working Group effectively
tied to the evolving ship design and minimize
the data or drawing maintenance requirements
that would have been necessary to keep up
with those changes. It was also felt that this
might allow some additional future capability
to analyze the products. This was only par-
tialy realized. Therefore, it is concluded that
the CAD system that is to be used for the de-
velopment of early stage ship design products
must include provisions for the production
planning functions necessary to develop and
implement a GBS. This will ensure that pro-
duction specific information that is placed in
that database is available to all designers, and
that production constraints may be imposed on
the designers where necessary.

The GBS Study conducted during the LX Pre-
liminary Design only addressed a few aspects
of the Hull, Mechanical and Electrica
(HM&E) systems design and production. In
addition, to be complete, the study should
have included Combat Systems design and
production and total ship integration. There-
fore, it is recommended that the continued
studies of the GBS concept be expanded to
include al HM&E systems as well as combat
systems and the integration of these systems
and equipment.
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